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Abstract. Twenty-five years ago the International Few-Body Conference was held in
Quebec City. It became very clear at that meeting that the theoretical situation con-
cerning the 3He and 3H ground states was confused. A lack of computational power
prevented converged brute-force solutions of the Faddeev or Schro¨dinger equations,
both for bound and continuum states of the three-nucleon systems. Pushed by ex-
perimental programs at Bates and elsewhere and facilitated by the rapid growth of
computational power, converged solutions were finally achieved about a decade later.
Twenty-five years ago the first three-nucleon force based on chiral-symmetry consid-
erations was produced. Since then this symmetry has been our guiding principle in
constructing three-nucleon forces and, more recently, nucleon-nucleon forces. We are
finally nearing an understanding of the common ingredients used in constructing both
types of forces. I will discuss these and other issues involving the few-nucleon systems
and attempt to define the current state-of-the-art.
INTRODUCTION
The purview of my talk is progress that has been made in our understanding of
the three-nucleon systems and of the dynamics that underlies that understanding.
My emphasis will be on the theoretical side. My reference point in time is 1974,
the date when Bates first delivered beam for an experiment. I will survey that
progress by referring to two other significant events that occurred in 1974. One
of these is personal: I attended the International Few-Body Conference held that
year in Quebec City, Canada [1]. The second event is the genesis in that year of
three-nucleon forces (3NFs) based on chiral-symmetry considerations [2].
On a personal note it is always a pleasure to return to MIT, where I was a post-
doc. Looking back at my work during that period, I find that almost everything
dealt with electron scattering, a result of the influence of Bates on the young the-
orists in the Center for Theoretical Physics. Part of that work involved relativistic
corrections to the charge densities of few-nucleon systems, and that motivated my
attendance at the Quebec meeting.
There are basically three reasons why three-nucleon physics has become a subfield
in its own right. The first is that the trinucleons are rich, nontrivial, and “simple”
nuclear systems, and understanding their properties is a minimal criterion for suc-
cess in this area. The word “simple” in this context means that we are capable
of performing the very difficult calculations of three-nucleon properties. Indeed, in
recent years we have not only succeeded in performing these calculations, but have
achieved an understanding of most of the basic trinucleon properties [3,4].
The second reason is the classic and original goal of the field: using these sys-
tems to sort out and refine our understanding of the nuclear force. This is the most
important remaining aspect of the problem, which has been greatly aided in recent
years by chiral perturbation theory (χPT). Much of our theoretical and experi-
mental attention has been directed at 3NFs, because trinucleon properties show
relatively little sensitivity to the details of modern N -N forces. Our remaining
problems (though few) are likely due to our lack of understanding of 3NFs [5].
Finally, the lovely techniques used in this field are fun to work with, and this
attraction has seduced two generations of theorists. Our efforts have led to the
very successful application of few-body methods to heavier systems, which goes far
beyond even the dreams of 1974, as shown at this symposium by Vijay Pandhari-
pande.
My strongest impressions of the Quebec meeting are that the field was in a state
of confusion. Many calculational techniques were in use, each giving a different
answer to the same problem, the 3H bound-state energy. Faddeev methods, hy-
perspherical expansions, variational bounds, and separable approximations all had
their practitioners [1]. There was a 10-20% uncertainty (∼ 1-2 MeV) in the 3H
binding energy, implying that most (in retrospect, all) of the calculations were not
converged. The situation was similar with respect to scattering calculations. In
order to achieve convergence one requires brute-force computational resources on
a scale that would not be available for another decade.
NUCLEAR FORCES
The genesis of the computational problem is the spin of the nucleon. Contrary
to much folklore, nuclear physics is difficult not because the force is complicated
(in shape), but because it is complex (i.e., it has many components). The origin
of the problem is the spin and parity of the pion: Jpi = 0−. The pi-nucleon vertex
must have a complementary pseudoscalar structure in order to conserve angular
momentum and parity, and the dominant form (∼ 1+ · 1−) is ~σN · ~q, where ~σN is
the nucleon (Pauli) spin and ~q is the pion momentum. This leads immediately to a
tensor component of the force (part of the one-pion-exchange potential (OPEP)),
which dominates interactions in few-nucleon systems. Indeed, 〈VOPEP〉 is roughly
75% of the total potential energy. This spin dependence, together with isospin
dependence, accounts for the complexity. Each nucleon has 2 · 2 = 4 spin-isospin
components, implying that there are roughly (4)2 = 16 such components in the
